Abstract: Behaviour pattern of degradation of plastic material is very important in industrial applications
Introduction
The global production of plastic in year 2000 was reached to 150 million tons and the estimated yield of plastic waste was 105 million tons [1] . Plastic product consists polymer molecules, filler material, additives, processing aids, residual monomer, impurities and catalysts and other supportive substances used in polymerization processes and impurities in major and minor materials. Leaching of the non polymeric substances (NPS) in plastic has significant affected to pollution to ecosystem and develop heath problems [2] . Polypropylene becomes one of most useful thermoplastic material in petroleum era since its excellent cost/performance balance, versatile properties, good process ability and low density.In Sri Lanka 500,000 metric tons of virgin plastic are imported to the country 70% producing plastic products for local market and 30% for export market [3] .
Arrhenius equation and mass loss function based mathematical models have been developed for studying the kinetics of polymer degradation in a range of temperature from 25° C to 700° C using TGA [15] [16] [17] [18] [19] [20] [21] . Arrhenius equation was found in 1910 for chemical reactions of liquid state, when rector's proprieties do not change with the time [4] . However in the degradation process rectors propertied are changes with time. The equation (1) represents the isothermal kinetic models of polymer degradation as a multiplication of Arrhenius equation and mass loss functions [5] .
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The equation (2) defines the rate constant (K) at absolute temperate (T) and the equation (3) defines mass loss function (∝).
The terms A, E, R,T, and n are frequency factor (Arrhenius constant), activation energy, universal gas constant (8.3134 Jmol
), absolute temperature, mass loss and order of reaction respectively. The equation (4) defines ( ),where W o , Wt and W f are initial mass, the mass at time "t" and final mass respectively. The substitution of equation (2) and (3) to the equation (1) yields the equation (5) . It represents the rate of weight loss at the given movement at a given temperature. Linearity of Arrhenius equation is limited to very narrow range of weight loss (0-0.4), (0.4-0.6), (0.6-0.9) when the range of loss of weight nearly up to zero to 0.3% as w/w% [6] . It indicated low linearity of Arrhenius equation for the full range of weight loss(α) from zero to 1.The objective of this study is to develop a mathematical model for kinetic of weight loss of plastic under isothermal condition below the melting point.
II. Methodology
Polypropylene based plastic boxes used in ice cream manufacturing industry was selected for investigating the mass loss behaviour at different temperatures. Dumbbell shapes samples were prepared using dumbbell cutter and average thickness of sample was 0.2mm. A set of samples was placed in oven set at a specific temperature for studying the mass loss under isothermal condition. Three samples were taken out at one hour intervals and placed in a desiccators allowed for cooling to room temperature over 24 hours to determine weight and density. The weight of samples were used to calculate average weight loss. Density measurements were obtained using density balance-(Model D125). The study was carried out four different isothermal temperatures at 100,120,140˚C. Theory The terms A and E in equation (5) are characteristic constant at constant temperature and hence the second component in the equation (5) represents the rate constant of weight loss process. The substitution of rate constant (k) to the equation (5) If A and E are time depending functions the integration of equation (6) is not possible without knowing the time dependency parameters of k. The kinetic of weight loss of plastics depend on the amount of low molecular mass organic compounds and path length of microscopic channel system within the plastic matrix, strength of interactions, and segmental mobility of polymer chains. The formation of microscopic cavities and channels during the evaporation of volatile component will change the microscopic environment. It is assumed that the formation of microscopic cavities and channels facilitate the free movements of rest mass of volatile substances within the w o -w f mass range. The equation (7) is a rearrangement of equation (6) (7) can also be written as in equation (12), where i =m-1. (12) represents instantaneous rate of weight loss. The product of The ′ in equation (14) function of time ∅ , are function of time.
The value of ′ in equation (14) represents the instantaneous state of the material at a unite time during the weight loss at a temperature T. The formation of microscopic cavities during the weight loss is assumed to extent the path length and connectivity between microscopic channels. It is assumed that the size of cavity is comparable with molecular volume of volatile substance caused for weight loss. The path length is defined as the distance to be moved through microscopic channel from the original location of low molar mass molecule to the interface between the substrate and surrounds. Heat is used at a point in order to break interactions and move the volatile molecules throughout the path length. Heat requirement at unit time during the weight loss is assumed to be increased. The product of RT represents the thermal energy of one mole of substance in gas phases at temperature T and hence the product of ′ and RT is assumed to be the instantaneous rate of thermal energy utilization for one mole of substance responsible to the weight loss. The equation (15) represents instantaneous rate of thermal energy utilization for one mole of low molar mass substance at weight loss. The unit of is j mol
Instantaneous rate of thermal energy utilization is a function of microscopic environment of the system during the weight loss. Hence, the equation (16) defines the rate of thermal energy utilization with time during the weight loss. The effect of microscopic cavity formation and interconnecting to form microscopic channel system during the weight loss are assumed to be large change in microscopic environment of plastic texture in order to increase the randomness and path length of low molar mass volatile molecules within the microscopic channel system. The thermal energy utilization for the weight loss due to low moral mass substances in plastic material is assumed to be in exponentially increasing order with the weight loss. The collisions between volatile molecules and air in the microscopic channels may retard the molecular movements of volatile molecules. Hence, these factors are significant to exponential decay of the amplitude of instantaneous rate of weight loss with the cavity formation. Therefore instantaneous microscopic changes significantly affect to the instantaneous rate of thermal energy utilization during the mass loss process at temperature T. Therefore exponential relationship can be express between and (1 − ) . It can be express in equation (17) as follows. The exponential term of equation (17) 
Equation (18) shows a liner relationship at a specific value of i and γ. The gradient and intercept of the linear plot of ∅ vs (1 − ) at the specific values and represent and ( ) respectively. The following algorithm is used to calculate the specific values of and using computer program. Figure 2 shows the effect of heating temperature and number of heating-time on the bulk density of commercial polypropylene product at room temperature. ) of commercial polypropylene vs heating time.
Figure1 -Algorithm related to i and γ determination computer program

III. Result And Discussion
As shown in figure 2, the density of the sample at room temperature at the end of the successive hearting time has exponentially decreased. The figure 3 shows the weight loss of samples at the end of the hearting time. The expansion of samples and evaporation of volatile substances take please during the heating time. Weight loss and cavity formation during the heating time have caused to lower the density of sample. Contractions take place during the cooling to room temperature. As show in the figure 2, the decreasing trend of density of sample at room temperature at the end of the heating and cooling is due to the prominent effect of the volume of the microscopic cavity over the contraction. Weight loss increases in parabolic pattern with the hearting time. It indicates the development of barriers for weight loss with the hearting time. 
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DOI: 10.9790/5728-1302026067 www.iosrjournals.org 64 | Page Figure 4 shows the liner relationship between ∅ and (1 − ) as given equation (18) (19) are neglected and the solution is considered to limit first two terms of weight loss ( ). The equation (23) Table 4 shows the comparison between values obtained from the gradient of the plot of ( + 2 ) with the time and calculated from 
IV. Conclusions
A model is developed to explain the kinetic of weight loss of plastic in full range of α from 0 to 0.9. Arrhenius fist order kinetics is limited to narrow range of α. The basis of model is formation of microscopic cavities and channels within the matrix of plastics during the weight loss. The model is tested using commercial polypropylene product (ice cream box) plastic exposing to 100˚C, 120˚C and 140˚C temperatures. Kinetic equation derived from the model shows polynomial relationship of weight loss with time. It is approximated to get a simplified equation in + 2 = ′′ to calculate the time required to reach the given weight loss. The rate constant calculated from
